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CLEANING TESTS OF CENTRAL ILLINOIS COAL 
By Tuomas Fraser and H. F. Yancey 


INTRODUCTION 
GENERAL STATEMENT 


Illinois coal producers have contributed much to the development 
of better preparation of bituminous coal for the market. More care- 
ful sizing and hand picking, and the early introduction of the shaker 
screen and the rescreening plant have evidenced this development. 
Mechanical processes of coal cleaning have aroused much interest, 
although actual construction of cleaning plants has been rather 
sporadic. Until recently progress of this kind has been slow because 
of the lack of interest among the consumers rather than the producers 
of coal. 

In recent years higher freight rates have been largely responsible 
for a growing demand for cleaner coal, especially from outlying 
markets. So far as Illinois coal is concerned this demand comes 
for the most part from the northwest States. A condition more 
conducive to profitable washery operation is resulting, and is reviv- 
ing the interest of Illinois operators in coal-cleaning processes. It 
is believed that a period of washery building will follow because 
natural conditions tend to bring about the introduction of better 
methods of preparation. These conditions include severe competi- 
tion for markets and the production of a coal in which the impuri- 
ties concentrate in the small sizes where they can not be removed 
by hand picking. For this reason much of the Bureau of Mines ex- 
perimental work on the beneficiation of the coals of the eastern and 
interior fields has been done in Illinois. 

As an integral part of this experimental work, the bureau, in co- 
operation with certain Illinois operators, has studied the problem 
of cleaning the No. 6 coal mined in central Illinois; that is, in San- 
gamon, Christian, Montgomery, and Macoupin Counties. Results 
of this particular part of the investigation are published for the 
double purpose of making the information available to those opera- 
tors of the district who may be interested in immediate application 
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2 CLEANING TESTS OF CENTRAL ILLINOIS COAL 


of the results and of giving a practical illustration of the methods of 
examination partly described in earlier publications.’ 

A number of washing plants have been built in this district and 
several are in operation at present, but no new ones have been 
erected recently. The complete descriptive list of washeries in the 
State, compiled by F. C. Lincoln,? therefore covers central Illinois 
washery construction up to 1924. Although several such plants 
have been operated more or less continuously and satisfactorily to 
the present time, the small premium heretofore paid for washed 
coal has often made it unprofitable to clean the coal as completely 
as would be possible if the price justified. 


SPECIFIC OBJECTS OF THE INVESTIGATION 


The immediate purpose of this investigation was to determine the 
feasibility of cleaning the smaller sizes of coal produced in the 
central Illinois field so that in periods of normal and abundant coal 
supply these products might compete more successfully with similar 
sizes of coal from other mining fields, and thus insure for operators 
and mine workers of this district more continuous and dependable 
operation. The small coal marketed from the central or Springfield 
district is usually several per cent higher in ash content than the 
larger sizes, probably because of the occurrence in the seam of 
intruded and interbedded impurities that break up into compar- 
atively small fragments in mining. This fact is particularly true of 
nut coal and screenings, and constitutes a great handicap to the 
steam sizes from this district. To remedy this condition operators 
in the central district are turning to better preparation of small coal. 

An official of one of the operating companies has said that the aim 
in cleaning this coal should be to obtain, if possible, a washed prod- 
uct with an ash content of about 10 per cent. If this can be ac- 
complished with a washer loss of 15 to 20 per cent, it is believed 
that the operation will be profitable. The production of cleaner 
screenings will have two advantages—a readier sale of screenings for 
chain-grate fuel and the probable opening of other markets for 
sized washed coal (Nos. 2, 3, and 4 washed nut) at higher prices than 
are obtained for unsized screenings. 

Because the funds available for this particular work were small, 
it was not feasible to make a general investigation of the entire 
district, which includes mines working the Nos. 5 and 6 beds. 


1}kraser, Thomas, and Yancey, H. F., Some factors that affect the washability of 
coal: Trans. Am, Inst. Min. Eeng., vol. 63, 1920, pp. 768-778; Interpretation of results 
of coal-washing tests: Trans. Am. Inst. Min. and Met. Eng., vol. 69, 1923, pp. 447-469. 

2 Lincoln, F. C., Coal washing in Illinois: Univ. of NHnols Eng. Exper. Sta. Bull. 69, 
1913, 110 pp. 
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INTRODUCTION 3 


Studies were therefore made at one of the larger mines in Mont- 
gomery County, working the No. 6 coal, which was selected as rep- 
resentative of this part of the district. 

Raw screenings from this district generally carry 13 to 16 per 
cent and occasionally up to 20 per cent of ash. Specifically, there- 
fore, the problem is to produce a dependably uniform washed coal 
product containing about 10 per cent ash from a raw coal that 
averages probably between 14 and 15 per cent ash but fluctuates 
between 13 and 20 per cent, and to obtain this reduction in ash con- 
tent with not more than 20 per cent shrinkage. 


DESCRIPTION OF THE COAL BED 


Like all the mines in Montgomery, Macoupin, and Christian 
Counties and the southern part of Sangamon County, the mine stud- 
ied works the No. 6 coal, the same that is mined in the Franklin- 
Williamson County field. The bed is about 100 inches thick at the 
mine examined, The principal continuous interbedded impurities 
are the blue band, characteristic of No. 6 coal throughout both fields, 
and the somewhat similar steel band, near the roof, which charac- 
terizes this seam in the central field. The location of the bands is 
shown in Figure 1, A and B, which gives the vertical section of the 
bed at two of the four places where face samples were taken. These 
sections also show a number of smaller and less continuous partings 
in the seam at these particular places. The samples and face-section 
logs obtained in various mines of the district show that the mode of 
occurrence of the impurities is much the same in the No. 6 bed 
throughout the field. These data may be found in Bureau of Mines 
publications® on analysis of coal samples. Figure 1, C, is a section 
that shows impurities in the seam in a mine near Staunton, Macoupin 
County, and Figure 1, D, is a section taken at Panama, Christian 
County. These sections are similar to sections A and B, which give 
the conditions in the mine actually examined. Lenses of pyrite 
from 14 to 1 inch thick are a characteristic feature of the bed and 
occur promiscuously throughout it. Although these lenses comprise 
by far the greater part of the pyrite in the seam, some thin plate-like 
pyrite is present. Flakes of gypsum and calcite also occur fre- 
quently. These various partings are the chief sources of the free 
dirt found in the coal as marketed. The thin partings and lenses 
and small fragments of the thicker bands, which are not removed in 
picking, concentrate in the smaller sizes. 


*Lord, N. W., Holmes, J. A., Stanton, F. M., Fieldner, A. C., and Sanford, Samuel, 
Analyses of coals in the United States: Bull. 22, Bureau of Mines, 1913, pp. 498-500 ; 
Fieldner, A. C., Smith, H. I., Paul, J. W., and Sanford, Samuel, Analyses of mine and 
car samples of coal collected in the fiscal years 1913-1916: Bull. 123, Bureau of Mines, 
1918, pp. 177-178. 
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4 CLEANING TESTS OF CENTRAL ILLINOIS COAL 


At this mine four sizes of coal are usually made—lump, egg, nut, 
and screenings. For October, 1922, the percentage of each size was 
as follows: 

Proportion of sizes made 


Size Per cent 
iii. UPICE G ANCNCR anc Seon cesut sek zhi aa eee eee _ 29.6 
Pe OR gs as Er a Se ee OED eee eee ee Soe ks Sw ARTE Ste Ree 17.3 
INC. ae BD oe RICO Es ote oe En eet Se ae ee ae ke 12.9 
POCO TAIT, SITIO Roe ETA a a ohh cs dentin ome ee eee 40.2 
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FiIGuRE 1.—Face sections of No. 6 coal in central Illinois: A and B, sections in mine 
examined (Montgomery County); C0, section in Macoupin County at Staunton; D, sec- 
tion in Christian County near Panama 
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Round-hole punched-plate screens are used. The two smallest 
sizes (nut and screenings) which need cleaning amount to a little 
more than half the total output. 


METHOD OF EXAMINATION 


To ascertain the sources of the impurities to be removed, the seam 
was examined at four places near the faces of the main haulage 
entries, in the four quarters of the mine. The thickness and location 
of partings and the material in them were noted and two face sam- 
ples taken at.each place; one sample included the coal and all impuri- 
ties in the coal section as shown in Figure 1 and the other excluded 
all segregated impurities one-eighth inch or more thick. 

For the washing tests, samples of the screenings and the nut coal 
were taken continuously during three days’ operation. In this way 
a 25-ton car was loaded with about 10 tons of nut coal and 15 tons of 
screenings. During these three davs 11,627 tons of coal were 
hoisted—an averave of 3.875 tons a day. 

In order to show what fluctuation might be expected in the ash 
and sulphur content of raw material fed to a washery, 12 individual 
car samples were taken at intervals during the three days on which 
the large samples were collected for washing tests. These car sam- 
ples were taken as prescribed by the Bureau. of Mines for tipple 
sampling. 

The experimental work on these samples was performed in the 
laboratory of the department of mining engineering, University of 
Illinois. Screening tests of samples of raw screenings, complete 
specific gravity analyses of samples of raw screenings and raw nut 
coal, jig-washing tests of screenings and nut coal, a table-washineg 
test of slack coal (fine dust to 14 inch), and a sizing test of washed 
screenings were male. 

The data reported in this paper indicate what results may rea- 
sonably be expected from washing the coal mined in this field, in so 
far as the samples tested represent average conditions. Although it 
is believed that the coals tested are representative, in practice the 
amount of dirt in the raw coal produced will fluctuate widely, caus- 
ing variations im current washery performance. The yield of 
washed coal will be the main item affected because the large fluctua- 
tions in the character of the raw coal are usually due to the propor- 
tion of coarse removable impurities. 


CHARACTERISTICS OF RAW COAL 
PHYSICAL FORM OF IMPURITIES 


Face samples show about the following analysis for No. 6 coal in 
this district: Moisture, 12 to 14 per cent; volatile matter, 40 to 42 
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per cent; fixed carbon, 46 to 49 per cent; ash, 10 to 13 per cent; sul- 
phur, 3 to 5 per cent; and B. t. u., 12,000 to 12,600. All the figures 
except that for moisture are on a dry basis. The four sections of the 
bed already pictured in Figure 1 (p. 4) probably represent aver- 
age conditions and explain the origin of the dirt the coal contains 
when it reaches the tipple. Of these impurities the blue band 
usually, and the steel band sometimes, break out free and clean dur- 
ing mining; and what is not broken into small pieces may be picked 
out by the miners. Fragments of the blue band and steel band and 
of the larger pyrite lenses probably make up most of the.clean heavy 
refuse in the nut coal and the screenings. This refuse is readily 
identified in the tipple, especially in the nut coal. 

The thin irregular binders and lenses distributed promiscuously 
through the seam are generally attached firmly to the adjacent coal 
and in breaking them up cleavage does not occur between the coal and 
the dirt, but usually in the coal. The fragments of these binders will, 
therefore, go to the cleaning plant with more or less coal adhering, 
constituting mixed particles or middlings in the feed unless crushed 
comparatively fine. Material of this kind is much in evidence, es- 
pecially in the nut coal, the most common form being pieces of good 
coal with thin bands of pyrite attached. 

Other impurities include clay binders and “rashy” bands (mix- 
tures of carbonaceous shale and charcoal) which are very friable. 
When treated by the wet process, these impurities by attrition in 
the jigs break down into slime that goes into the hutches and the 
washed coal sludge. Disintegration of some of the shales was noted 
even when the float-and-sink tests were being made. 


ASH AND SULPHUR CONTENT 


Table 1 gives the ash and sulphur figures for the face samples 
taken in the four sections of the mine. Two samples were taken 
at each place, one including all impurities and the other exclud- 
ing all impurities that were believed to be removable by wash- 
ing. These figures show that the complete vertical section, in- 
cluding all bands, averages about the same in ash content as the raw 
screening produced in the tipple; and the clean coal excluding all 
segregated impurities has about the quality (witht respect to ash con- 
tent) desired in the washed-coal product. 


TABLE 1.—Pereentage of ash and sulphur in face samples, moisture-free basis 


I 


Clean coal | Entire seam 
Entry = 
ace e 
‘ i S hr 
Broituke Ash ulphur Ash Sulphur 
First air course, main southeast...2.20.2-2-2-22--. 28... 12.77 9.7 3.91 123 4 42 
Face, nmuin northwest 2... 220-222 2. eee eee 1L 97 11.8 4, 21 17.7 609 
Face, rain nortbeast..20.2. oe eee ee eee ee eee ee eee 12. 06 11.1 4.48 | 18.0 | 7. 82 
Twelfth left off main southwest. 0.........0.-.---.- 12. 43 11.0 4.26 13.6 6. 40 
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The large three-day samples of nut coal and screenings taken 
for washing tests analyzed 14.3 per cent ash and 5.73 per cent sul- 
phur for the nut size, and 14.3 per cent ash and 5.06 per cent 
sulphur for the screenings size. Previous figures show about the 
same or a somewhat higher ash content in the screenings, but 
probably no sampling as extensive as this had been undertaken 
before. 

Analyses of the 12 individual car samples of screenings taken 
at intervals during the three days covered by the sampling opera- 
tion are given in Table 2. These analyses show an ash content 
ranging from 138.6 to 18.2 and a sulphur content ranging from 4.80 
to 5.91 per cent. Most of these samples were hicher in ash than the 
general sample used for washing tests, but the mean of these 12 
samples could hardly be expected to represent the output, as they 
were taken from only 12 out of the 101 cars loaded during the three 
days’ operation. As a further index to the fluctuations in ash and 
sulphur content of the coal produced from the No. 6 seam through- 
out the central Illinois field, a number of tipple and car samples 
tuken at other mines are included in the table. These figures are 
taken from Bureau of Mines Bulletins 22 and 1238. 


TaBLe 2.—Percentage of ash and sulphur in 12 car sanples of sereenings 


| Moisture-free basis 


Sample Moisture : 
Ash Sulphur 
VPRO ee ose ea ew el See es eee te eee e tesco eect etoeet eri sedi teem 14.30 §. 24 
2 S CLEC DIN eel Siln eek ted a ee we delete eae ce ete Slee ee ete dtd Bese tae 14.50 5,43 
SoS CrOOUINES ote oe Sek kei ie ea A as ee ee eal tes Steet [siemens 15. 20 5. 62 
4 SCRECHINUS ie ten Sion oe ne os cat ats Sep aa. ard eta Stee eis eilea eee cperah ai eet eee 15.10 5,12 
SPCC UiSe ce slencseas wees Nous sire Vath e eaten Chae Pi al whdea Saath etiam ences 15.90 | 5.19 
6 Sere neces Se, soho ls hace atid See ee OME ae ee es tat a | clo eiantersaks 13.60 | 4.80 
FCB COS Sec ea arcs Bates Ss eel nial eg pe meta Pou ane ced ale loess 17.70 5. 04 
Bi CPOCAINGS sofa ee ie Sok a ea Wee See Sebeawoeseues dee Goat 12.3 15.19 5.13 
im CO ROOTIN NS 1 a. 2 yi ee ne eo MR ete a Ds Soave a Dave eibuea Generate a dae 10.1 14.0 4.31 
VO SCPC is ee ee BS So het Aa oes See eb Eis he ee he chee 12.0 18. 20 5.4) 
It ROTGQWINGS 25 2 es ee a ede DSea. Poe Goel es ies teen 3s Se ake IL Y 14.30 5. 40 
V2 SCreeninvs S45 Jeo eed Sheet ele es eee ses Co eect cee hod oes 15. 00 | 4.63 
Sea nen ser Gn iies Os aoc 25 oe eat oe ee eee tide eeet Dee eee awe te cea elie oie weed 1.03 4 4.55 
StatintuwshiGke@. <2. ht. 2.5 weet sed ord eee ed be tebe e ie Pee cai eS ace tect eee Sok 1s. 11 | 4.70) 
SUPT Oct oo MP8 a oe Bes ee athe ole eg SS at ara A cher ares ee os SA OEE ch St 12. 42 4.455 
Lines CG SGrCenin ess ov osee ee see e eae coed awe te oew sia fhe ewer case Is. 41 | 4.) 
COV ORO IN? aa et Sek Soe ees eek dmctlena Vidette tte 1478 | 5. OS 
Cbs e nh) Ses a nkeertuncsuaae tones cided ete Guna ceaz ccs Sone leaetaaeet 19.55 | 4.07 
Gillesiite PeOaNe. 2.2 etwie tec de etivenind ob ca eecwe tease naan asses ey } area ee ee 15.11 | 5.7) 


e Lord, N. W., and others, Analyses of coals in the United States: Bull. 22, Bureau of Mines, 191%, p. 86. 

b Lord, N. W., and others, work Cited, p.S7. 

e Fieldner, A. C., and others, Analyses of mine and car samples of coai collected in the fiscal years 
1913 to 1916: Bull. 123, Bureau of Mines, lUTS, pn ot. 


FORMS OF SULPITUR 


The different sulphur compounds present were determined in the 
raw screenings, in the raw nut coal, in the raw slack (0 to 14 inch 
part of screenings), and in the washed coal obtained in the final jig 
test of the screenings. In addition, the amount of finely dissemi- 
nated pyritic sulphur was determined in the raw slack. The values 
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found for total sulphur, pyritic sulphur, and organic sulphur are 
shown in Table 3. The figures for sulphate sulphur are not re- 
corded in the table but are as follows: Screenings, 0.04 per cent: 
slack, 0.25 per cent; and nut coal, 0.04 per cent. The slack is higher 
than the other samples, probably because oxidation of the pyrite 
proceeded more rapidly in the smaller sizes during the period which 
elapsed between the sampling and analysis; or because the flakes 
of gypsum from the screenings were concentrated in the slack. 


TaBLE 3.—Percentage of various forms of sulphur in the coal, moisture-free 


basis 

Total P O de 

ota vritic rganic | ss per 

Sample sulpbur | sulphur ; sulphur | cen: of 

tutal 

Percent | Percent | Percent | Per cex 
Raw screenings. .._._......_-..-- 1 ee eee eee eee eee 5.16 2.76 2.34 43.7 
1 CFs step meas ROL a mereene MORNE NEN TF WEG IN REN Sse VULNS Oty PORN IN, RUNS ieee tee 4.07 2.53 2.40 4.3 
RAW SC ne orn. oa Seen ea Se o wn Dace weber tewteh 4.90 2.30 2.35 45.6 
Hawn: 2s ere eran te Go ane tae eee Be Reon eeacs Se 5.73 3.31 2.3% 41.5 
Washed screenings ..... 2... - ee ee eee ee eee ee eee ee eee | 4.26 1.50 2. 46 | oy 


Table 3 shows that this coal is high in organic sulphur; the raw 
screenings contain 2.40 per cent of sulphur in this form. The 
proportion of fine disseminated pyritic sulphur in the slack was es- 
timated by the method previously published ** as 0.88 per cent. 
Neither organic sulphur nor fine disseminated pyritic sulphur can 
be removed from coal by any practicable commercial process. As this 
coal contains 2.4 per cent of organic sulphur and nearly 1 per cent 
of fine pyritic sulphur, production of a clean coal containing less 
than 3.4 per cent of sulphur is evidently not practicable. 


SCREEN ANALYSES 


With regard to the proportion of sizes present in the screenings 
from this mine and the distribution of impurities in the various 
sizes, screening tests showed increasing ash content with decreasing 
size of particles, but no marked difference in the sizes larger than 
one-sixteenth inch. Similar distribution of the impurities as to 
size is indicated by the results of screening tests of a sample of 
screenings from this field made in 1915 by E, A. Holbrook.* 

For these screening tests a representative sample of 1,320 pounds 
was used and sizing of the fines was carried down to one-sixty- 
fourth-inch round hole. Concentration of the dirt in these fine sizes 
is a condition unfavorable to the best cleaning results, because the fine 
material is the most difficult to clean; and, in the jigging of a natural 


#8 Yancey, IH. F., and Fraser, Thomas, The distribution of forms of sulphur in the coal 
bed: Uniy. Ulinois Eng. Exper. Sta. Bull. 125, 1921, p. 23. 

*Wolbrook, E. A.. Dry preparation of bituminous coal at Iinois mines: Univ. Iinols 
Eng. Exper. Sta. Bull. 88, 1916, pp. 122-123. 
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feed of wide range in size, little or no cleaning effect is ordinarily 
expected in the sizes below about one thirty-second inch. The pro- 
portion of fines in this sample, however, is comparatively small, 
as shown by the small amount (6.89 per cent) that passed through 
a one-thirty-second-inch round-hole screen. This dust usually is 
not improved by washing and its presence increases the difficulty of 
dewatering the washed coal and clarifying the circulating wash 
water, hence removal of the dust before washing is often desirable. 


TABLE 4.—Screen analysis of raw screenings, moisture-free basis 


Size of round-hole screen, inches | Weight | Amount Ash Sulphur 


| Pounds | Percent | Percent | Percent 


On 14 SseS So Sees See Sco eetis ss Se ete scle oe heseceeew Sees eee eice 176. 0 13. 3A 12. 7 5. 15 
Through 134 ON 1) oo2oc coos so Sodas ou See coe e ces ee ces bewee cee | 215.0 16. 29 13.2 5.65 
PL MIPOU RII O10 84 ot cs Bo be re Pa tess Beer lan Sava 139.0 10. 43 13.2 §. 37 
AP DPOUg I 27 Ol oes ik ote fue te tee se cca ese eat 227.5 17. 23 13.6 5.61 
Throgs Yeo tenn so oscs ees o dcedoradesSuaccnakeewandeseseis 231.0 17.0) 13. 2 5.14 
"Through 34-00 \ ecco ee cases cect hecewewsceideadatacdsaues 128. 5 y. 73 14.3 5.04 
Through % on yy______ ee eee eee een nee 59.5 4.50 15.7 5.00 
Throurh yy on yy_--- eee eee eee ewe ene 52.7 3. 09 18.6 4.73 
*"PRTOUSN wy OD Oise sos ease ee ob Soe eek kc oiee ig dele ca ctieenee seen 34.5 2.61 21.1 4.60 
MOTOR gee cine ooo Sc ote hg dancer eae ncsan tone easots | 56.5 4 18.8 4.80 

TUE tae coc ae on esas ee tes ond Std eee ti eda Sree ach 1,320.2 100; OO Mise tec oes 

PA VOTAQC$S ote fence ta eg SR ant ft Pere thee ene ee Nel) oe 14.1 5. 27 

Total through 4 inch.._..........-.-.-..---.-.---------- 331.7 25. 10 17.0 4.90 


SPECIFIC GRAVITY ANALYSES 


A specific gravity analysis of a representative sample is a valuable 
indication of the washability of a coal. In such an analysis the 
material is graded with regard to the specific gravity of the particles 
by a float-and-sink test with a series of heavy solutions. The impuri- 
ties concentrate in the heavier fractions and the clean coal in the 
lighter fractions. 

In the examination of this coal such determinations were made 
with samples of all sizes—screenings, nut, slack, or No. 5 (fine dust 
to 14 inch), and a composite of the small nut sizes (14 to 2 inches). 


TaBLE 5.—Specific gravity analysis of screenings, moisture-free basis 


Specific gravity 

Float on 1.25...---............. 3. 52 3. 62 5.0 §.0 3. 44 3. 44 
42-25 101-00 eee ees cccece 16. 83 20. 35 6.3 6.3 3. 45 3.45 
1.30 tO 1.35.22 se sececccccccccce 83. 37 73. 72 9.3 8.2 3.81 3.70 
1.35 to 1.40........-2....-.-.-..-- 6. 50 80. 22 14.7 8.7 4.62 3. 78 
1:40 10.1 45s se ec cscs eee eed 3. 31 83, 53 19. 6 9. 2 5. 62 3.85 
Raw dust ?__._..--_---.- eee 4.13 87. 66 21.7 9.7 4. 28 3.87 
1.48 to 1.50_..2- elle 1. 66 8&9. 32 2.0 10.0 fi. 63 3. 92 
1.50 to 1.60...-. 222.2 eee ele 2.19 91. 51 28. 2 10. 4 7.36 4.02 
1.60 to 1.80_.__..-....--- eee ee 1, 376 2.71 94. 22 39. 0 11.2 8. 34 4.34 
Bink im 1.80.._..........2-.-2-2. 2, 722 5. 78 100. 00 66. 4 14.4 17. 08 4. 94 

Total heads___._._.__-___. 46, 292 100. 00 |_..-...-.- | 14.4 |.-.-22 22 06 |...--. 2... 


«Dust removed from sample before specific gravity analysis; is material through Go5- 
mesh, from screenings. 


23612 °—25——_3 


Google 


10 CLEANING TESTS OF CENTRAL ILLINOIS COAL 


The free, clean, removable dirt particles appear in the fraction 
heavier than 1.80 specific gravity, and easy washing depends on 
the concentration of a large proportion of the impurities in this 
form. The intermediate fractions, between say 1.40 and 1.80, are 
more difficult and less profitable to remove because some combustible 
is carried into the refuse and lost, and because the reduction in ash 
content of the remaining clean coal by the removal of a given amount 
of this middling material is relatively small. 


COMPOSITION OF SCREENINGS 


The composition of the screenings with respect to specific gravity 
is shown graphically in Figure 2. This coal contains a rather large 
proportion of middling material, and to produce without prohibi- 
tively large losses a washed coal as low in ash as the float on 1.35 


SPECIFIC GRAVITY 


PER CENT OF TOTAL COAL SAMPLE 


FIGURE 2.—Specific gravity fractions in raw screenings 


specific gravity solution would be impossible. There is, however, a 
large proportion of impurities in the two heaviest fractions, 1.60 to 
1.80 and heavier than 1.80, the removal of which would result in 
reduction of the ash content to about the amount desired in the 
washed coal. 


TABLE 6.—NSpecific gravity analysis of screenings over @ one-quarter-inch round- 
hole sercen, moisture-free basis 


| Ash Sulphur 


; Cumu- 
: : Weight, an 

Bpecific gravity grams | Percent ee Cumu- Cur 

Perce Per cent | lative Per cent lative 

per cent per ceat 
Float on 1.25_.._....-.22-22.--- 538 1. 64 1. 64 4.3 4.3 3. 62 
M20 UO lL 30 et et ete a 2 eo 6,72 20. 56 22, 20 §.2 §.1 3. 8) 
LeBO GOs LS Aeen cts ok ec ote wen 19, 119 58. 46 RO. 66 10.2 8.8 3.79 
Lito to Wl: os ne oe Seeke eee sce 1,442 4. 41 8&5. 07 16.1 9. 2 3.77 
1.40 to 1.45. ..0222 22 eel eee 815 2. 80 87. 87 21.8 9.6 3.84 
145 to 1.502.000.0000 eee cee eee 463 1. 41 89. 2s 24.7 9.8 3. 
L160 to1.60.......... 2. 22 eee 768 2.35 91. 63 23.6 10.3 4.Q2 
L.60 to LSO ool ee eee Q7 2.80 94,43 39. 5 11.2 417 
Bin Ta 0 a ck Lie 1, $22 5. 37 100. 00 64.1 14. 1 5.0) 
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7TasLe 7.—Specific gravity analysis of slack coal (fine dust to %4 inch), moisture- 


free basis 
Ash Sulphur 
. Cumu- 
: Weight, rat 
Specific gravity grams Per cent a ; Cumu Cum: 
pe Percent. lative | Per cent] lative 

per cent per cent 
Float on 1.25......------_------ 1,113 9. 02 9. 02 §.3 5.3 3. 35 3. 35 
1.250021 GOs. ccs cess se cteeee J 1, 182 9. 58 18. 60 6.2 5.8 3. 37 3. 36 
1.30 to 1.35....2.2..2.2--2--- ee 5, 491 44. 48 63. 08 6.5 6.3 3. 48 3. 44 
1.35 to 1.40....202- 2 Le 1, 610 13. 04 76. 12 10.8 7.1 3. 98 3. 53 
1.40 to 1.45..0020222 02-2 639 §.18 81. 30 16.3 7.6 4. 82 3. 62 
1.45 to 1.50_-.2 eee 318 2. 57 83. 87 20. 6 8.0 5. 74 3. 68 
1.50 to 1.60_..222- 222 e ee 262 2.12 85. 99 27.2 8.5 6. 50 3.75 
1.60 to 1.80..._...-..-.--2-- 2k. 359 2.91 88. 90 37.8 9.5 6. 31 3. 84 
Sink in 1.80_....-- 222 eee 1, 371 11.10 100. 00 71.3 16. 4 12.17 4. 76 


The cumulative figures for yield ash and sulphur have been plotted 
in Figures 8, 4, and 5. These yield-ash curves and yield-sulphur 
curves show the yield of any desired grade of coal between 5 and 
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ASH AND SULPHUR, PER CENT 
FicurE 3.—Yield curves for screenings 


14.4 per cent ash obtainable from screenings by the float-and-sink 
process. Figure 3 shows a yield (from the unsized screenings) of 89.3 
per cent of float coal containing 10.0 per cent ash by separation 
at a specific gravity of 1.50. For the objects in view, as outlined in 
the introduction, this separation was selected as the most profitable 
one to make, and the attempt was made to duplicate these results 
in the washing tests. Complete specific gravity separation can not 
be expected in a commercial plant, but a well-adjusted plant adapted 
to the coal should come within a few per cent of the separation 
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desired. A specific gravity separation of this kind is generally 
used as a standard for determining the efficiency of the cleaning 
operation. On the nut-coal separation a specific gravity of 1.60 was 
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Fictrp 4.—Yield curves for nut coal 
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FIGURE 5.—Yield curves for slack 
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selected as the most profitable to duplicate. It would result in a 
yield of 90.44 per cent with an ash content of 9.9 per cent. 


TabBLe 8.—Specific gravity analysis of nut coal, moisturc-free basis 


ash Sulphur 
. ae Cumu- 
Weight, ie 
Specific gravity grams Per cent aoe ° , Games Gin: 
Percent | lative | Percent | lative 

per cent per cent 
Float on 1.30_...-...-...--.-.-- 33, 521 37. 87 37. 87 5.7 5.7 3. 64 3.04 
1.30 to 1.35...0..........------.- 32, 568 36. 80 74. 67 10. 5 §.1 4.11 3.57 
1.35 to 1:40:2 onc ccc cece cee cece §, $2 9.97 84. 64 15.9 9.1 5. 40 4.06 
1.40 to 1.46_..000 2 ee 1, 306 1.47 86. i1 18. 5 9.2 7.40 4.11 
}.45. t0°1.90..2 s25 ccc ccecc cnc kcnk 2, 290 2. 57 88. 68 23.9 9.6 5. 82 4.21 
1.50 to 1.60..0...22020 2020 02-2 Le 1, 555 1, 76 90. 44 25. 2 9.9 11. 62 4. 36 
1.60 to 1.80... 00-02. eee 2, 216 2. 41 92. 935 38. 5 10.7 10. 36 4.52 
1.80 sink... ..2. 22 eee 6, 226 7.05 100. 00 62.6 14.3 23. 35 5. 84 


ESTIMATING WASHERY PERFORMANCE BY MEANS OF THE 
FLOAT-AND-SINK TEST 


‘DIFFICULTIES ENCOUNTERED 


In the preliminary examination of a coal by the float-and-sink 
method, interpretation of the results of the float-and-sink test or 
estimation of probable washery performance by means of these tests 
is at once the most essential and the most difficult step to take. 
Obviously there is no mathematically precise method for making 
this transition of figures from practically complete specific gravity 
separation to the approximation of this condition attainable in com- 
mercial operation. This final interpretation is purely an estimate 
that must be made empirically; its value therefore depends on the 
skill and judgment of the examining engineer. Without such an 
estimation, however, the float-and-sink test is of little value as a 
method of preliminary examination of a raw coal; when this step 
is omitted, as it is sometimes, any conclusion may be very mis- 
leacling. 

For these reasons this feature has been made the major study in 
the float-and-sink research incident to the coal-washing investiga- 
tions, of which the work with central Illinois coal is a part. In a 
long series of washing tests an attempt has been made to accumulate 
enough comparable data on float-and-sink yields and corresponding 
washery yields for the same coal to establish an approximate value 
for the factor by which the float-and-sink results must be adjusted 
in order to forecast washery results safely. Some of these compara- 
tive figures have been presented in earlier publications already cited. 

Other investigators, notably Drakeley* and Delamater,® have done 
valuable work looking toward the establishment of a relation be- 
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tween washing results and float-and-sink results, but they have at- 
tacked the problem from tle washery end to determine operating 
efficiencies. This calculation might now be reversed and the eth- 
ency member used in calculating the washery yield from the flost- 
and-sink yield, if the proper value for this efficiency rating coulil be 
established for any given coal under consideration. This feature 1s 
the most vital and the most difficult phase of this examination 
method. Even if the accumulated data on a number of other coals 
are at hand, they are at best but an approximation, and the probable 
error in this step is greater than any combination of errors likely to 
occur in the float-and-sink test itself when made with reasonable care. 


METHOD OF ESTIMATION RECOMMENDED 


When washery performance is compared with float-and-sink 
separation, the simplest method is to determine the relative yields of 
clean coal product of a given ash content. This ratio is the efficiency 
number for the washery operation as determined by the yield-curve 
method.® 

This ratio has been found to range from 99 per cent in some tests 
of easily washed coals, where removal of only the clean heavy rock 
was desired, to as low as 15 per cent in tests of bony coals where a 
very clean washed-coal product was desired. Washery performance 
might be calculated from the float-and-sink yield curve by ascer- 
taining from this curve the vield of float coal of the desired quality, 
and multiplying this yield figure by an assumed eflicieney number. 


WASHING YIELD CURVES 


A more satisfactory procedure, however, is to sketch in a hypo- 
thetical washing yield curve, to the right of the float-and-sink yield 
curve, similar (in shape and relation to the float-and-sink curve) to 
the washing vield curves obtained from other coals of the same type. 
if any are available, Sueh a set of yield curves, obtained in washing 
tests of samples of the No. 6 coal from Williamson County, are 
shown in Figure 6. This bed is the same as that mined in the central 
Illinois field and the coal is somewhat similar in the occurrence and 
distribution of impurities. It contained a considerable proportion 


TDrakeley, T. J., Coal washing: A scientifie study: Trans. Inst. Min, Eny., vel. 54, 
1917-1918, pp. 418-459; Coal washing: Further scientific studics: Trans. Inst. Min, Exs- 
Jand, vol, 59, 1910-1920, p. 86, 

>Delamater, G, R., Coal washing efficiency calculations: Coal Age, vol, 5, 1914, Pp. 
TENT, 

Fraser, Thomas, and Yancey, H. F., Interpretation of results of coal-washing tests: 
Trans. Aim. Inst. Min. and Met, Eng., vol. 69, 1923, p. 459. 
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of middling material and may be considered about average grade 
in washability. 
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Ficurp 6.—Typical float-and-sink yield and washing yield curves 


Different coals have widely varying characteristics, and the shape 
of the yield curves will therefore vary. The functional relation of 
the actual washing curve to the float-and-sink curve is not as uncer- 
tain as might be expected, however, because the latter is itself the 
characteristic curve of the coal and evaluates the chief factor that 
affects the washability of the coal, namely, the distribution of im- 
purities with respect to specific gravity. Any such pair of curves 
evidently will have a common point at 100 per cent yield and the two 
curves will diverge as they extend up into the area representing 
separation at low specific gravities. 

When an assumed washing-yield curve is drawn in it should be 
noted that this divergence, or the distance between the two curves 
at any point, depends upon specific gravity rather than upon 
position with respect to the percentage ‘yield scale. Thus when a 
coal is easily washed, has very little middlings, and practically all the 
impurities are in the form of clean heavy rock, the high specific 
gravity part of the curve, which lies close to the float-and-sink 
yield curve, will be elongated and will be the part of the curve 
used. Almost complete specific gravity separation of such a coal 
is possible with commercial machines. Washing yield curve and 
float-and-sink curve will lie close together. On the other hand, the 
curves for a coal that contains practically no heavy rock but con- 
tains impurities in the form of light bone and carbonaceous shale, 
appear widely divergent because the lower high specific gravity sec- 
tions will be greatly shortened and the more widely separated low 
specific gravity sections will be the prominent parts of the curves. 
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CURVES FOR HIGH-ASH COALS 


For coals of exceptionally high ash content with the ash finely 
divided and so disseminated throughout the coal substance that the 
washing feed consists almost entirely of a series of intermediate 
specific gravity fractions, the washing yield curve will not approach 
the sink-and-float curve very closely. Such a coal is practically all 
middlings or bony coal in which separation of the low-ash bone from 
the high-ash bone is clesired; separation at any desired point can not 
be made as conipletely here as where there is a wider difference in 
specific gravity between clean coal and refuse products. 

After a eurve is drawn to represent the estimated washing vields. 
the obtainable yield of washed coal of any desired grade can be read 
from this curve and the probable amount of secondary coal of any 
given ash content may be calculated. The precision of these figures 
will depend upon the accuracy of the estimated yield curve if it be as- 
suined that the sample used for the specific gravity analysis was rep- 
resentative of the raw coal that will be delivered to the propo=ed 
washery. 

FLOAT-AND-SINK METHOD 


To be sure that the sample used represents as nearly as possible the 
future washery feed is obviously difficult, vet is very important. The 
float-and-sink equipment ordinarily available necessitates the use of 
colparatively small samples, and even under the most favorable con- 
ditions. only a few hundred pounds can be so treated. When it is 
necessary to examine coal by the float-and-sink method and report on 
its Washability without actually making washing tests, as is some- 
times done because experimental washing equipment is not available. 
the samples used should be as large as can be handled, and a series 
of several samples taken in the tipple at intervals or in the mine at 

different places should be tested.!" 

IF loat-and-sink tests have one advantage over actual washing tests 
for determining the washabilitv of a coal. The results are not in- 
fluenced by such maladjustments as are difficult to eliminate in trial 
runs with actual coal-washing machines in which the operator has 
no way of determining definitely what kind of separation is being 
made until the test is completed and the analyses are made. For thir 
reason float-and-sink data are often useful in adjusting washing- 
test results to the conditions desired in commercial operation; thus 
With one or two points on the washing vield curve fixed by actual 
washing tests, the complete curve can be projected following the 


o Bivthe, M. W.. and O'Shea, L. T., The examination of a coal in relation to wasb- 
ing: Trans. Inst. Min. Eny., vol. 57, pt. 5, 1919, pp. 261-276. 
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general shape of the float-and-sink yield curve. The yield of any 
desired quality of washed coal can thus be determined very accu- 
rately. 

WASHING TESTS 


EQUIPMENT 


It is assumed that the logical operating method at any wet plant 
which may be built in the district to produce domestic and 
steam coal for the general market would be to wash the unsized 
screenings in jigs; or, as an alternative, to screen out the slack 
through a one-fourth or a three-eighths inch screen and treat it 
either on wet or dry tables. The washing tests were therefore made 
in that way. The data are equally applicable, however, to the design 
of a plant for treatment of the coal by other systems of gravity con- 
centration, such as dry cleaning or a combination of wet and dry 
processes. The basis of all such processes is the difference between 
the specific gravity of coal and dirt. The specific gravity analyses 
curves, adjusted by a factor to allow for the losses commonly in- 
curred in commercial treatment, show about what may be expected 
of any of these processes when correctly adjusted to the material 
being treated. Two tests of unsized screening samples of about 3 
tons each were made with the Elmore jig and a small sample of the 
slack, sized to pass a one-fourth-inch round-hole screen, was 
washed on the table. One jig test of the nut coal was made. The 
jig used for testing both sizes of coal had two compartments, each 
of which was 18 inches wide by 30 inches long. The first compart- 
ment plunger was of the plain eccentric type, and the second com- 
partment had an Elmore differential eccentric plunger, 


TESTS OF SCREENINGS 


The first jig test of the screenings was a preliminary run and the 
results were naturally rather unsatisfactory; but certain changes in 
the equipment were indicated which produced better results in the 
second test. Results of this final test are given in Table 9. The 
reader should note that because of the large proportion of pyrite, 
which loses one third of its weight in incineration, the refuse is 
cleaner than the ash figure indicates. The refuse from this test, for 
example, gave an analysis of 18.2 per cent sulphur—practically all 
of which was pyritic—and therefore contained approximately 34 per 
cent pyrite. 
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TABLE 9.—Final jig test of screenings, moisture-free basis 


Product | Weight | Feed Ashe | Sulphur | B.t.a@ 


——_ —_————_—|—_—_ | 
| Pounds | Percent | Percent | Per cent 


TRG WiCON sec eciater Sit eet eee we eset: 6, 150. 0 100. 0 14.3 
WW iis@dl COM) ewe ree at Sh oe ea ety sates Ee 4, 728. 0 76.9 9.9 
Sludge loss by difference ¢.__....22222- 222 eee. 467. 0 7.6 19.8 
Middlings SD cies Nan cal Se tase inal gfe Pea eB dat he hae eh woh 154.5 2.5 23. 0 
2U-DUECH Secon dee he ae ahh hens ee reed 312. 0 §.1 16.7 
ROL USO iota eect, os = pie ee ae has al ec the 174. 2 28 51.2 
USE UC is io oe eins ea ed Gee he eran oid 314.0 5.1 37.9 
Total and average. _....222- 2-2 eee 6, 149.7 100. 0 14.3 
Washed coal and sludge . _..| 6, 195.0 84. & 10.7 
Washed coal, sludge, middlings, ‘and vd hutch... _.. 5, 661.5 92.1 1L 4 
Screen analysis ofrefuse: 
O36 WOON e5 ct ook ae ee i on eee 126. 2 ¢ 72.6 61.2 
"Porous 34 WC essed sey dalek vee ces ites 45. 0 ¢ 27.4 24. 8 


° Softening temperatures of ash: Kaw coal, 1,960° C.; washed coal, 2,060° C. 

: Psrcaes eMeb esis ee ons ample of 0 to é« iueb w ashed coal 

The hutch products obtained in all the jig tests were rather un- 
satisfactory and doubtless contained more combustible than would 
be lost in these products in continuous commercial operation. -An 
attempt was made to remedy this in the final test by bedding the 
jig with refuse before starting, deepening the jig bed somewhat, and 
maintaining a heavier refuse bed in the first compartment through- 
out the test; but the resulting first hutch product, although better 
than that obtained in the preliminary test, was still high in com- 
bustible, a fact that is probably due to the small size of the washed- 
coal settling tank. Coarse coal particles in the water that over- 
flowed this tank and was pumped back into the jig boxes were prob- 
ably concentrated to a certain extent in the hutches, which thus 
acted as traps for the larger coal particles in the circulating water. 


FINAL TEST 


The final test of the screenings gave a yield of 84.5 per cent of 
washed coal of 10.7 per cent ash content, including the sludge lost 
that should be saved in commercial operation by suitable equipment 
for sludge recovery and water clarification. In view of the large 
proportion of free coal lost in the hutch products, it is probable that 
a somewhat higher yield of washed coal of this grade can be ob- 
tained in commercial operation. A three-product separation was 
made in the tests to facilitate interpretation of the results; it gives 
enough data for plotting a yield curve by means of which interme- 
diate points may be interpolated and the yield of washed coal of ex- 
actly the desired grade ascertained. Such yield curves for the 
screenings, slack, and nut-coal washing tests are given in Figures 
3, 4, and 5. 
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The secondary coal suitable for boiler fuel, consisting of the 
miiddlings and second hutth products, amounted to 7.6 per cent of 
the feed and had an ash content of 18.7 per cent. This amount 
could probably be decreased somewhat by recovery of free coal from 
the hutch, but would still be a larger product than could be used in 
the mine power plant. If a three-product separation is made in 
operation, therefore, some of the secondary coal should go into the 
washed coal. This test, however, came rather close to the separation 
which would probably be most profitable in operation, and shows 
the practicability of producing a washed coal of 10 to 11 per cent 
ash, amounting to 85 to 90 per cent of the raw feed. Combination 
of all the secondary coal with the washed coal to make a two-product 
separation shows a yield of 92.1 per cent of washed coal with an ash 
content of 11.4 per cent. The raw-coal screenings fed to the jig con- 
tained 9.7 per cent moisture, and the washed screenings (after being 
drained overnight in the bin) had 15.5 per cent moisture. 


SIZING TEST 


To ascertain the relative effectiveness of the jigging operation in 
cleaning the different sizes of material in the raw coal feed, and to 
determine the advisability of screening out the slack below one- 
fourth inch size and washing it separately on tables or of dedusting 
the feed and adding the dry untreated dust to the washed-coal prod- 
uct, a sizing test of the washed coal was made with the same screens 
as were used for the sizing test of the raw coal. Before the washed- 
coal screen analysis is interpreted in this way, it should be pointed 
out that due to the large loss of overflow sludge, which is therefore 
absent from the washed-coal sample used, there is a great possi- 
bility of error in assuming that the samples of the fine sizes (0 to 
@z inch and , to xs inch) are representative. 


TABLE 10.—Screen analysis of raw and washed screcnings, moisture-free basis. 


Raw coal Washed coal 


Size, round hole a ese ees shake 


Per cent Ash Sulphur | Per cent Sulphur 
On 1h inches. 2.66.20 5c. sete ew reson cess 13. 3 12.7 5.15 10. 3 9.6 4. 26 
Lito 1% inches oe soc ee es oes aeaeees 16.3 13. 2 5. 65 11.5 10. 2 4.45 
tol inch.......-.....-..-seeceseeeeeee 10.5 2) 5.37 15.3 9.7 4.31 
$0 34 INCH: 22235 2c ech ete nese eee Si cocks 17.2 13. 6 5. 61 21.5 9.8 4. 21 
to Minch ____.._-- 22 eee 17.6 13. 2 5. 14 22. 9 9.1 4.34 
to 3a lois. ose osc eecddc cedbcccenoweeis 9.7 14.3 5. O4+ 11.1 8.3 4.04 
vy to Minch.........-.....------ 2-2 4.5 15.7 5. 00 3.4 9. U 3. $2 
tO oy INCH ieee eck ees uo acaent 4.0 18. 6 4.73 1.9 11.2 3. 75 
tO INCH 2. Sccaccegoeeh ese veterseage: 2.7 21.1 4. 60 ~f 12.9 3. 73 
hro Phe past aroee See as ee eae 4.3 18. 8 4. 80 1.2 19.8 4.15 
Total average. ....-.--.---.--------- 100. 0 | 14.1 5, 2 100. 0 9.6 4.31 
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The effective cleaning of small sizes, shown by these figures, is par- 
ticularly noteworthy. The cleanest washed coal is the one-eighth to 
one-fourth inch size, and the one-sixteenth to one-eighth inch size 
is cleaner than the average washed coal. The percentage by weight 
of these two sizes also indicates that this material is all present in 
the sample and that therefore the samples are representative. 

Fairly satisfactory cleaning of all the fine sizes was obtained. 
with the exception of the very smallest product screened out through 
one-sixty-fourth-inch, which was dirtier than the average raw coal 
and about the same as the corresponding-size in the raw feed. The 
inference is that dust of this size only should be by-passed and 
added dry and untreated to the washed coal. Other factors, how- 
ever, enter into this particular feature of the problem and may make 
it desirable to by-pass a still larger product including coarser 
material. 

Although the fine sizes of coal were cleaned fairly effectively, 
there was a large loss of good coal of these sizes with the refuse. 
The effect on the average ash content of the addition of a very small 
percentage of material slightly higher in ash may be almost negligible 
and the advantages of lower moisture and lessened difficulties with 
sludge may make it advantayeous. Table 11 shows the yields and 
ash contents of the final cleaned-coal product that would be obtained 
by screening out these fine sizes of raw coal and adding them dry 
to the jig-washed coal. 


TABLE 11.—Results of by-passing rao finer in treating the screenings 


Size by-passed 


ONG a Se ot ee eer ea eo eh te ee a eee ake 84. 
Og BC TICS Bt hic es Tadd at dod i ald ei eh eee tas Aad ainae che a 84. 
OO See PCS Ue oct conti ae eS etd Stina doe oR weee sea sotie aan wee te eee 85. 
Oto !s-ineh dust... 22222. Se: AA eek Ga ilo Pee ake Oe 58a eh en Seam 86. 


WASHING TESTS OF SLACK 


Results obtainable by washing the slack separately on tables may 
be calculated by combining the table-washed coal (Table 12) with the 
jig-washed coal. These results show a combined yield of 83 per cent 
of washed coal with an average ash content of 9.2 per cent; or, if 
the table middling product is included, it shows a yield of 86.0 per 
cent with an ash content of 10.0 per cent, indicating an appreciable 
advantage in separate treatment of the slack coal because the table 
makes a more complete separation on the fine material below 7 inch. 
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TABLE 12.—Table washing test on slack (0 to \%-inch part of screenings), 
moisture-free basis 


Product Weight Feed Ash Sulphur 

Pounds | Per cent | Per cent | Per cent 
WREW C08) oboe tee coc cee wec once oe leowesiusrcden toast 191.5 100.0 17.0 4.80 
Washed coal _..__...__-.--_- 2-2 eee eee eee 150.3 78.4 8.1 3. 97 
Sludge Joss by difference. ..._...._...-..-.-..------------------ 3. 6 1.9 19.8 4.15 
IVE OGlings 02h et ie Bee end eta ete 22.1 11.7 31.9 6.77 
COS en tc at rr re es tale mr echt Bor nce ahh 15. 6 8.1 74.3 13. 51 
‘Total and average..___....°.-._.._.._.---_--------------- ee 141.5 100. 0 16.5 4. 04 
Washed coal and sludge...._......-.-...-.--.------------- eee 153. 9 81.2 8. 2 3. 98 
0 92. 9 11.2 4.14 


Washed coal and middlings..-..-.--. 2.22222 eel. 176. 


TESTS OF NUT COAL 


The results obtained in washing the nut coal are shown in Table 
13. The coal sample had necessarily been handled several times 
between the mine and the jig so that much of it was broken, 
accounting for the high percentage of hutch product. The 
separation at 1.60 specific gravity by the float-and-sink method 
yielded 83.8 per cent of float which had an ash content of 10.4 per 
cent; whereas separation by the jig method showed a 91.9 per cent 
yield (including the sludge) of coal containing 11.1 per cent ash. 
The reduction in sulphur obtained by washing the nut coal was 
better than that obtained with the screenings. The jig used in this 
test was designed for treating smaller coal than nut; and although 
certain alterations adapted it to treating coal of this size, a better 
separation can probably be made with a more suitably designed jig. 


TABLE 13.—Nut-coal jig test, moisture-free basts 


Product Weight Feed Ash Sulphur 


Pounds | Percent | Percent | Per cent 


RaW C08) 6252545 Sot dic2 eee aera eet 7, 258. 0 1%). 0 14.3 5. 73 
Washed coal_._.....----.--- 22-22 eee eee fr  eorer nore pemh eeee ae 5, 007.0 82. 6 10.3 4. 65 
Sludge loss by difference___...........------.------------------ 90. | 1.2 *19.8 4.31 
NEGO DGS xoxo Scns 2 Santee ceitaeet eee acecuseeetat edad ove ade 374.0 5.2 18,9 6. 36 
Becond Nuten 2 oc. bed i ease Steeler ew, dee 207.0 2.9 15.6 4. 07 
i detse ns wieece men SD eee eee et eeest loa hau Sue eat Mice 47. 9 4.9 55. 7 21.98 
First DOCG oo ook coca toe at cease tence iceesas eevee Gax 232. 0 3.2 38. 4 6. 23 
Total and average... 2.56222 ce2 eke ecole eeceeededes 7, 258. 0 100. 0 14. 14 5. 63 
Washed coal plus sludge. -__..-.--..-----.-.-----.--------.----- 6, O87, 1 83.8 10.4 4. 64 
Washed coal, sludge, middlings, and second hutch. ...22.2.2.2- 6, 668, 1 91.9 11.1 4.72 
Screen analysis of refuse: 
OD SG 1NCD poss ss ce eku ews scunee caceaseetiewness ocean tee ebweus > 90. 4 58.8 23. 83 
"Through 34 inthice ocsco cer conceciGessesecceve ve vocencasnhaleeetsiecee 9.6 26. 0 4.61 


¢ Determination is made for sample of washed coal slime through a one-sixty-fourth-inch mesh. 
b Percentage of each size in refuse. 


COMMERCIAL ADJUSTMENT OF OPERATIONS 


By means of the washing-yield curves (Figs. 3, 4, and 5) drawn 
through the points determined by the washing tests, interpolation is 
possible, and the obtainable yield of washed coal of any desired qual- 
ity may be estimated, although no such separation was actually 
made in the washing test. 
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For example, one of the operators in this field wished to produce 
a clean coal containing about 10 per cent ash with a washer loss of 
not more than 15 to 20 per cent. When the nut coal was treated 
a yleld of 78 per cent of coal of this quality, which is a somewhat 
smaller yield than the minimum specified as allowable, was obtained. 
In order that a separation at this point might be profitable, the in- 
creased market value of the washed coal must be enough to compen- 
sate for the 22 per cent shfinkage and cover the cost of washery op- 
eration. 

Assuming that the market value of the raw nut coal is $2 per ton, 
the selling price per ton of washed coal necessary to show the same 
gross receipts is $2 divided by 78 per cent, or $2.56. The cost of op- 
eration of the washery, at about 15 cents per ton of raw coal treated, 
necessitates the expenditure of an additional 20 cents, which raises 
to $2.76 per ton the minimum washed-coal selling price which will 
show the same gross receipts as would the sale of the raw washery 
feed. Any higher selling price than this shows a profit on washery 
operation under these conditions. This example is merely hypotheti- 
cal and is introduced to illustrate a method by which the economics of 
the operation may be calculated and to show how the washery may 
be adjusted to current market conditions. If the coal is sold on an 
ash or B. t. u. basis, with a premium for reduction in ash, the most 
profitable separation to make can be ascertained by similar calcula- 
tions for various points on the washing yield curve. 

For many mines the chief advantage gained through the use of a 
washery is its sales value, a fact particularly true in the central 
Illinois field where the small sizes of coal are ordinarily diff- 
cult to market. If, by cleaning the screenings and nut coal, steadier 
operation 1s made possible, the washery may be profitable even 
though it shows a loss on the coal actually treated. 


CONCLUSIONS 


With the float-and-sink method as a standard which shows a yie.d 
of 89.5 per cent of float coal with a 10 per cent ash content, opera- 
tion of the jig and table together for the screenings shows an efi- 
ciency of ,%®; or 96 per cent, compared with $4 or 91 per cent 
for the jig test of unsized screenings. Table 14 gives the efficiency 
figures for all the tests and all the separations that were considered 
practicable. These efficiency numbers are the ratios of yield of 
washed coal to yield of float coal of the same ash content, read from 
the yield-ash curves plotted by means of the specific gravity analy- 
ses. They are given as a measure of completeness of the mechanical 
separation obtained in each test; the highest efficiency number does 


(Go gle 


CONCLUSIONS 23 


not necessarily indicate the most profitable operation, as many other 
factors enter into the calculation besides completeness of separation 
with regard to specific gravity. 


TABLE 14.—E ficiency ratios for the washing tests computed by the yield-curve 


method 
Operation: Efficiency ratio 
Preliminary jig test, preparation of washed coal and sludge ee 79, 2 0. 84 
DINGO sles Goa ae ans aye ech eee ae, ap 93.8 — 
Preliminary jig test, washed coal, sludge, middling, and second} 89. 1_ 94 
huteh: combined 22% sn hoe oo on tees eee et 94.2 — 
Final jig test, wathed coal and sludge combined--..---.----- {35 2 = 91 
Final jig test, washed coal, sludge, middling, and second hutch] 92.1 _ 97 
COMDINGO sess e eer ssa alee bots ee ease amet oes 94.5 — 
Final jig test and table test combined—jig-washed coal, ioe 83.0 _ 9 
washed coal, and sludge.__.....--..-..--.----.--.----- 84. 5 
Jig-washed coal, table-washed coal, sludge, and middlings com-] 86. 0 __ 96 
POV pan Sasa pets nae hes Stee vi Bhs tet a et A Se oie tat 89.5 — 
81.2 
he eel etNl ag ee Se 6 
babe test, washed Calc Hohe et ete ee 84. 5 
Table-washed coal and middlings combined___...-..-.. 2 --_ {350 = ,99 
Nut-coal jig test, washed coal, and sludge combined _______- {-o3-0 .9l 
Washed nut coal, sludge, middlings, and second hutch com-f 91.9 _ 97 
Dine ico sceeee beeen eee ees S ae eit ad feel ws 94.0 ° 


If it is assumed that this mine is representative of central Illinois 
conditions, the investigation indicates that cleaning the screenings 
and nut-coal sizes is practicable at mines of this field working the No. 
6 seam, and that a cleaned coal product containing 10 to 11 per cent 
ash may be expected. This ash content is approximately that of 
the average face sample, excluding all segregated impurities that it 
is practicable to pick out in cutting a face sample. 
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